Abstract We present dynamic contrast-enhanced (DCE) and diffusion-weighted magnetic resonance imaging (MRI) features in three cases of sinonasal organized hematoma. The DCE MRI was evaluated by analyzing the timeintensity curve patterns on a pixel-by-pixel basis and diffusion-weighted MRI by analyzing the apparent diffusion coefficient maps. Preoperative information on the physiological tumor properties obtained with these MRI techniques may be useful in differentiating organized hematomas from other benign or malignant tumors or tumorlike lesions in the sinonasal area.
Introduction
A sinonasal organized hematoma is an uncommon nonneoplastic benign lesion that is potentially aggressive and can extend into the structures surrounding the maxilla. Patients with sinonasal organized hematomas often present with frequent epistaxis, nasal congestion, and rhinorrhea, mimicking malignant lesions. Histopathologically, the organized hematoma is composed of fibrous tissues surrounding an organized or old hematoma [1] .
The computed tomography (CT) and magnetic resonance imaging (MRI) features of sinonasal organized hematoma have been relatively well documented [1, 2] ; the lesion is often described as an expansile soft tissue mass with sinus wall erosion, heterogeneous signal intensity with a hypointense peripheral rim on fat-suppressed T2-weighted MRI, and irregular nodular or papillary enhancement after contrast medium injection. However, the imaging features are often nonspecific relative to benign or malignant tumors or tumorlike lesions.
Recent studies reported the usefulness of pixel-based time-intensity curve (TIC) analysis and apparent diffusion coefficient (ADC) mapping in differentiating between benign and malignant head and neck tumors, and even in discriminating some types of benign or malignant tumors from other benign or malignant tumors [3] [4] [5] . Here, we used pixel-based TIC analysis and ADC mapping to further characterize sinonasal hematomas.
Case reports

Case 1
A 36-year-old man presented with a history of repeated epistaxis on the right side. MRI revealed a sinonasal mass with homogeneous signal intensity on T1-weighted MRI and mixed areas of high and intermediate signal intensities on fat-suppressed T2-weighted images (Fig. 1a, b) . Dynamic contrast-enhanced (DCE) MRI showed inkdroplet areas of core enhancement and peripheral areas of poor enhancement (Fig. 1c) .
Pixel-based TIC analysis demonstrated that the mass was almost entirely (93%) composed of nonenhanced or slowly enhanced tissues ( Fig. 1d ; Table 1 ). ADC mapping of this sinonasal mass showed that the overall ADC level was intermediate, with 48% of the area having extra-low or low ADCs ( Fig. 1e ; Table 1 ).
The histological diagnosis was organized hematoma, consisting of central areas of hematoma with organized areas in the periphery (Fig. 1f) . Small areas of granulation tissues were also found.
Case 2
A 29-year-old man presented with epistaxis and nasal obstruction on the left side. T1-weighted and fatsuppressed T2-weighted images showed a sinonasal mass with heterogeneous signal intensities (Fig. 2a, b) . The mass was heterogeneously enhanced with the enhanced tumor Details of the methods for pixel-based TIC analysis and ADC mapping were described previously [7] . Pixel-based TIC analysis: The TIC parameters were as follows: increment ratio (%) = (signal intensity at peak -signal intensity of pre-enhancement) 9 100/signal intensity of pre-enhancement; T peak , time required to reach the intensity peak; washout ratio (WR) (%) = (signal intensity at peak -signal intensity 180 s after the start of contrast medium injection) 9 100/(signal intensity at peak -signal intensity of pre-enhancement). We defined the four TIC patterns as follows: Type 1 TICs are those with increment ratios equal to or less than 20%; type 2 TICs are those with increment ratios greater than 20% and peak times longer than 120 s, type 3 TICs are those having increment ratios greater than 20%, with peak times equal to or shorter than 120 s and with WRs smaller than 30%; and type 4 TICs are those displaying increment ratios greater than 20%, with peak times equal to or shorter than 120 s and with WRs equal to or greater than 30%. ADC mapping: We determined the area having extra-low ADC (\0. /s), relative to the total tumor area on ADC maps using ImageJ software, and expressed these as percentage areas areas exhibiting a lobular architecture (Fig. 2c) , which roughly corresponded to the high-intensity tumor area on the fat-suppressed T2-weighted images.
Pixel-based TIC analysis revealed that the tumor was composed of large areas (76%) of nonenhanced and slowly enhanced tissues on TIC patterns ( Fig. 2d ; Table 1 ). The ADC mapping showed that the overall ADC level was intermediate and over half the tumor had areas with extralow or low ADCs ( Fig. 2e; Table 1 ).
Histological examination revealed hematoma associated with fibrin, hemosiderin depositions, and infiltrating inflammatory cells (Fig. 2f) , features consistent with an organized hematoma.
Case 3
A 77-year-old woman had complained of repeated bleeding in the oral cavity for over 3 months. MRI showed a mass lesion in the right maxillary sinus; the lesion was heterogeneous on both T1-weighted and fat-suppressed T2-weighted images, and it was irregularly enhanced after gadolinium injection (Fig. 3a-c) .
Pixel-based TIC analysis revealed that the mass was mostly (95%) composed of tissues exhibiting nonenhanced or slowly enhanced TIC patterns ( Fig. 3d; Table 1 ).
A large region (73%) of the mass displayed extra-low or low ADCs on ADC mapping ( Fig. 3e; Table 1 ).
Histologically, the tumor was a partly organized hematoma associated with lamellar depositions of fibrin and red blood cells. Hemosiderin depositions were also observed (Fig. 3f) .
Discussion
In this report, we described the pixel-based TIC profiles and ADC distributions in three cases of sinonasal organized hematoma. The lesions exhibited dominant areas of nonenhanced (B20% increment ratio) or slowly enhanced (\20% increment ratio plus [120 s peak time) tumor areas on pixel-based TIC analysis, and the ADC mapping of these organized hematomas displayed dominant areas of extralow (\0.6 9 10 -3 mm 2 /s) or low (0.6 9 10 -3 mm 2 /s B ADC \ 1.2 9 10 -3 mm 2 /s) areas of ADCs. These MRI features are consistent with the histological architecture of organized hematoma: the lesions usually consist of two major histological components, the organized or nonorganized old hematoma areas containing blood cells and fibrin deposits, and the fibrous tissues surrounding the hematoma, with occasionally associated granulation tissues containing The physiological properties of lesions can be estimated in a kinetic study after contrast-medium injection. The use of TICs is the conventional method of assessing MRI dynamic studies. However, many lesions are composed of distinct tissues with different TIC characteristics. Therefore, analyzing a large region of interest (ROI) in a histologically heterogeneous lesion may result in spurious results with regard to histology. To avoid this error, analyzing TICs on a pixel-by-pixel basis may be a good idea. MRI factor analysis, which is a technique of analyzing medical image sequences (FAMIS) for DCE MRI, is distinct from our pixel-dependent TIC analysis, which was first introduced by Di Paola's group to characterize the contrast enhancement kinetics of head and neck tumors [6] . However, the resolution of the obtained images was insufficient for effectively correlating MRI images with histology. More recently, Eida et al. [3] applied pixel-based TIC analysis to salivary gland tumors using surface coils and successfully correlated the TIC patterns with tumor histology. In this study, we applied the latter technique to deep lesions without significantly reducing the image resolution. However, patient movement is still a major problem in the pixel-based TIC analysis.
Diffusion-weighted imaging has been used to diagnose extracranial lesions; for example, recent studies showed that ADC measurement was useful for differentiating between benign and malignant lesions of the lymph nodes and salivary glands [4, 5] . Low ADCs indicate limited diffusion of water molecules in the tissue. Thus theoretically, a tumor or a tumor area with low ADCs contains more cells than an area with high ADCs. Consistent with this notion, the ADC map demonstrated that lymphomas and undifferentiated cancers had lower ADCs than well differentiated squamous cell carcinomas, and cell-rich areas had lower ADCs than matrix-dominant areas in benign salivary gland tumors [5, 7] . In organized hematomas, organized or coagulated hematoma areas may be associated with low ADCs. In our three cases of organized hematoma, extra-low and low ADC areas formed 48-73% of the total lesional areas. An organized hematoma per se is not a cell-rich disease. Therefore, the variation in lesional areas with extra-low and low ADCs in these hematomas may reflect the proportion of organized or coagulated areas relative to the total lesion area. The CT findings of sinonasal organized hematoma are nonspecific [8, 9] ; the reported CT appearance of the disease includes a large expansile mass with bony erosion of the maxillary sinus and heterogeneous high attenuation on contrast-enhanced CT. MRI of the disease has recently been analyzed systematically [1, 2] . However, the reported MRI findings are also often nonspecific. Therefore, imaging information on tumor physiology obtained by DCE MRI and diffusion-weighted imaging may be useful in differentiating this nonneoplastic benign lesion from other sinonasal tumor and tumorlike lesions.
Conclusion
In this report, we present the MRI features of sinonasal organized hematomas, emphasizing the TIC and ADC profiles of these tumorlike lesions. Pixel-based TIC analysis and ADC mapping may enable the preoperative tissue characterization of sinonasal tumors and tumorlike lesions.
